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Abstract
We study the charmful three-body baryonic B decays B → D(∗)NN : the color-allowed modes
B
0 → D(∗)+np¯ and the color-suppressed ones B0 → D(∗)0pp¯. While the D∗+/D+ production ratio
is predicted to be of order 3, it is found that D0pp¯ has a similar rate as D∗0pp¯. It is pointed out that
B
0 → D(D∗)NN are dominated by the nucleon vector current or by vector meson intermediate
states, whereas B
0 → D0pp¯ proceeds mainly via the exchange of the axial-vector intermediate state
a1(1260). The study of the NN¯ invariant mass distribution in general indicates a threshold baryon
pair production; that is, a recoil charmed meson accompanied by a low mass baryon pair except
that the spectrum of D0pp¯ has a hump at large pp¯ invariant mass mpp¯ ∼ 3.0 GeV.
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I. INTRODUCTION
Previously CLEO has reported the first observation of color-allowed charmful baryonic
B decays with sizable rates [1]:
B(B0 → D∗+np¯) = (14.5+3.4−3.0 ± 2.7)× 10−4,
B(B0 → D∗+pp¯π−) = (6.5+1.3−1.2 ± 1.0)× 10−4. (1)
This, when combining with the non-observation of the two-body baryonic B decays such as
B → NN [2], implies the dominance of multi-body final states in decays of B mesons into
baryons. Recently, Belle announced a similar measurement for color-suppressed baryonic
decay decays at the level of 10−4 [3]:
B(B0 → D∗0pp¯) = (1.20+0.33−0.29 ± 0.21)× 10−4,
B(B0 → D0pp¯) = (1.18± 0.15± 0.16)× 10−4, (2)
with 5.6σ and 12σ statistical significance respectively. Roughly speaking, the D∗0pp¯ rate is
smaller than that of D∗+np¯ by one order of magnitude.
Another class of charmful baryonic B decays is B → Λc(Σc)NX . The early CLEO
measurement [4] and the new Belle [5] and CLEO [6] results show that the three-body
charmful decay B− → Λcp¯π− has a magnitude larger than B0 → Λcp¯. These modes have
been theoretically studied in [7]. The recent first observation of the penguin-dominated
charmless baryonic decay B− → pp¯K− by Belle [8] clearly indicates that it has a much
larger rate than the two-body counterpart B
0 → pp¯. Theoretically, it has been explained in
[9] why some charmless three-body final states in which baryon-antibaryon pair production
is accompanied by a meson have a rate larger than their two-body counterparts.
Under the factorization assumption, the decay amplitude, dominated by the color-allowed
external W -emission, is proportional to a1〈O1〉fact where O1 is a charged current–charged
current 4-quark operator, while the decay amplitude, governed by the factorizable color-
suppressed internal W -emission, is described by a2〈O2〉fact with O2 being a neutral current–
neutral current 4-quark operator. Since B
0 → D(∗)+np¯ are color-allowed, while B0 →
D(∗)+np¯ are color-suppressed, it is naively expected that the measured ratio R = Γ(B
0 →
D(∗)0pp¯)/Γ(B
0 → D(∗)+np¯) can be used to extract the parameter |a2/a1|, just as in the case
of B
0 → D0π0 and B0 → D+π− decays. However, there is one complication here: the
factorizable decay amplitude of color-suppressed baryonic B decays B
0 → D(∗)0pp¯ involves
a three-body hadronic matrix element which is basically unknown. Therefore, one needs
to impose further theoretical assumptions in order to extract a2 from the color-suppressed
baryonic B decay modes. The color-favored decays B
0 → D(∗)+np¯ have been studied in
[11]. It turns out that D∗+/D+ production ratio is predicted to be of order 3. It is thus
anticipated that the D∗0/D0 production ratio in color suppressed decays is also of order 3.
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However, experimentally the latter is consistent with unitary. This motives us to investigate
why D0pp¯ has a similar rate as D∗0pp¯.
All B → D(∗)NN decays can be described in terms of the pole model; they receive
contributions from various intermediate states: vector mesons such as ρ, ω, axial-vector
mesons a1(1260), f1(1285), f1(1420), and pseudoscalar mesons π, η, η
′. It appears that the
decay B
0 → D0pp¯ is very special: it is dominated by the axial-vector meson states, whereas
the other modes proceed mainly through the vector meson poles. This enables us to explain
the similar rates for D0pp¯ and D∗0pp¯.
This paper is organized as follows. We first discuss the color-favored modes B
0 → D(∗)+np¯
in Sec. 2 and then turn to the color-suppressed ones B
0 → D(∗)0pp¯ in Sec. 3. Discussions
and conclusions are presented in Sec. 4.
II. COLOR-ALLOWED B
0 → D(∗)+np¯
At the quark level, the color-allowed decays B
0 → D+(∗)np¯ proceed through the fac-
torizable external W -emission and W -exchange diagrams, and the nonfactorizable internal
W -emission [see Fig. 1(a)], while B
0 → D0(∗)pp¯ via the factorizable internal W -emission,
W -exchange diagrams and the nonfactorizable internal W -emission [see Fig. 2(a)]. More
precisely, their factorizable amplitudes read
A(B
0 → D+(∗)np¯)fact = GF√
2
V ∗udVcb
{
a1〈np¯|(d¯u)|0〉〈D+(∗)|(c¯b)|B0〉
+ a2〈D+(∗)np¯|(c¯u)|0〉〈0|(d¯b)|B0〉
}
,
A(B
0 → D0(∗)pp¯)fact = GF√
2
V ∗udVcb
{
a2〈np¯|(d¯b)|B0〉〈D0(∗)|(c¯u)|0〉
+ a2〈D0(∗)pp¯|(c¯u)|0〉〈0|(d¯b)|B0〉
}
, (3)
where (q¯1q2) ≡ q¯1γµ(1−γ5)q2, and a1, a2, which will be specified later, are some renormaliza-
tion scale and scheme independent parameters . The second term in each decay amplitude of
Eq. (3) corresponds to the W -exchange amplitude, which is not only color but also helicity
suppressed. Since the three-body matrix element 〈np¯|(d¯b)|B0〉 is basically unknown, we will
evaluate the color-suppressed amplitude based on the pole model approximation.
Let us first focus on the decays B
0 → D+(∗)np¯. To evaluate their factorizable amplitude,
we need to know various haronic matrix elements. The one-body and two-body mesonic
matrix elements are given by [10]
〈P (q)|Aµ|0〉 = −ifP qµ, 〈V (p, ε)|Vµ|0〉 = fVmV ε∗µ,
〈P (p)|Vµ|B(pB)〉 =
(
pBµ + pµ − m
2
B −m2P
q2
qµ
)
FBP1 (q
2) +
m2B −m2P
q2
qµ F
BP
0 (q
2),
3
b(a)
(b)
b
dB
0
c c
u
d d
p
n
n
D
+ D
+
p
D
+
n
π , ρ, a-B0
p
--
1
b
D
+
c
u
d
n
p
d
d
FIG. 1. (a) Quark diagrams for B
0 → D+np¯ and (b) the pole diagram for the factorizable
external W -emission.
〈V (p, ε)|(V − A)µ|B(pB)〉 = 2i
mB +mV
ǫµναβε
∗νpαpβBV
BV (q2)−
{
(mB +mV )ε
∗
µA
BV
1 (q
2)
− ε
∗ · pB
mB +mV
(pB + p)µA
BV
2 (q
2)
− 2mV ε
∗ · pB
q2
qµ[A
BV
3 (q
2)− ABV0 (q2)]
}
, (4)
where q = pB − p, F1(0) = F0(0), A3(0) = A0(0), and
A3(q
2) =
mB +mV
2mV
A1(q
2)− mB −mV
2mV
A2(q
2). (5)
The two-body baryonic matrix element appearing in Eq. (3) can be parametrized as
〈n(pn)p¯(pp¯)|(V − A)µ|0〉 = u¯n(pn)
{
fnp1 (q
2)γµ + i
fnp2 (q
2)
2mN
σµνq
ν +
fnp3 (q
2)
2mN
qµ
−
[
gnp1 (q
2)γµ + i
gnp2 (q
2)
2mN
σµνq
ν +
gnp3 (q
2)
2mN
qµ
]
γ5
}
vp¯(pp¯), (6)
with q = pp + pp¯. Among the six baryonic form factors, the vector form factor f3(q
2)
vanishes because of conservation of vector current (CVC), while the absence of the second-
class current implies g2(q
2) = 0. Using CVC, the vector form factors f1,2(q
2) can be related
to the electromagnetic form factors of the nucleon defined by
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FIG. 2. (a) Quark diagrams for B
0 → D0pp¯ and (b) the pole diagrams for the factorizable
internal W -emission.
〈N(p1)N(p2)|Jemµ |0〉 = u¯N(p1)
[
F1(q
2)γµ + i
F2(q
2)
2mN
σµνq
ν
]
vN¯(p2). (7)
Specifically (see e.g. [9]),
fnp1,2(t) = F
p
1,2(t)− F n1,2(t), (8)
where t = q2.
The experimental data of the nucleon’s e.m. form factors are customarily described in
terms of the electric and magnetic Sachs form factors GNE (t) and G
N
M(t) which are related to
FN1 and F
N
2 via
Gp,nE (t) = F
p,n
1 (t) +
t
4m2N
F p,n2 (t), G
p,n
M (t) = F
p,n
1 (t) + F
p,n
2 (t). (9)
A recent phenomenological fit to the experimental data of nucleon form factors has been
carried out in [11] using the following parametrization:
|GpM(t)| =
(
x1
t2
+
x2
t3
+
x3
t4
+
x4
t5
+
x5
t6
) [
ln
t
Q20
]−γ
,
|GnM(t)| =
(
y1
t2
+
y2
t3
)[
ln
t
Q20
]−γ
, (10)
where Q0 = ΛQCD ≈ 300 MeV and γ = 2 + 43β = 2.148 . We will follow [12] to use the best
fit values
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x1 = 420.96GeV
4, x2 = −10485.50GeV6, x3 = 106390.97GeV8,
x4 = −433916.61GeV10, x5 = 613780.15GeV12, (11)
and
y1 = 236.69GeV
4, y2 = −579.51GeV6, (12)
extracted from the neutron data under the assumption |GnE| = |GnM |. Note that the form
factors given by Eq. (10) do satisfy the constraint from perturbative QCD in the limit of
large t [11]. Also as stressed in [11], time-like magnetic form factors are expected to behave
like space-like magnetic form factors, i.e. real and positive for the proton, but negative for
the neutron.
In terms of the nucleon magnetic and electric form factors, the weak form factors read
fnp1 (t) =
t
4m2
N
GpM(t)−GpE(t)
t/(4m2N )− 1
−
t
4m2
N
GnM(t)−GnE(t)
t/(4m2N)− 1
,
fnp2 (t) = −
GpM (t)−GpE(t)
t/(4m2N)− 1
+
GnM(t)−GnE(t)
t/(4m2N)− 1
. (13)
According to perturbative QCD, the weak form factors in the large t limit have the asymp-
totic expressions [13]
fnp1 (t)→ GpM(t)−GnM(t), gnp1 (t)→
5
3
GpM(t) +G
n
M(t). (14)
It is easily seen that this is consistent with the large t behavior of fnp1 given by Eq. (13).
For the axial form factor g1(t), we shall follow [14] to assume that it has a similar
expression as GnM(t)
gnp1 (t) =
(
d1
t2
+
d2
t3
) [
ln
t
Q20
]−γ
, (15)
where the coefficient d1 is related to x1 and y1 by considering the asymptotic behavior of
Sachs form factors GpM and G
n
M [see Eq. (10)]
d1 =
5
3
x1 − y1. (16)
As shown in [9], the induced pseudoscalar form factor g3 corresponds to a pion pole contri-
bution to the np¯ axial matrix element and it has the form
gnp3 (t) = −
4m2N
t−m2pi
gnp1 (t). (17)
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III. COLOR-SUPPRESSED B
0 → D(∗)0pp¯
We next turn to the color-suppressed modes B
0 → D(∗)0pp¯ and assume that the main
contributions arise from the factorizable internal W -emission diagram [see Fig. 2(a)]. There
are two corresponding pole diagrams as depicted in Fig. 2(b): one with bottom baryon poles
Σb(
1
2
+
) and Σ∗b(
1
2
−
), and the other with meson poles. The low-lying meson intermediate
states are: π0, η, η′, ρ0, ω, and a01 and possibly f1(1285) and f1(1420).
A. Meson pole contributions
The meson pole contribution from Fig. 2 (b) is
A(B
0 → D0pp¯)M = GF√
2
V ∗udVcb a2〈D0|(c¯u)|0〉
{
−
[
〈π0|(d¯b)|B0〉 i
q2 −m2pi
gpiNN
+ 〈η|(d¯b)|B0〉 i
q2 −m2η
gηNN + 〈η′|(d¯b)|B0〉 i
q2 −m2η′
gη′NN
]
u¯pγ5vp¯
+ 〈ρ0|(d¯b)|B0〉 i
q2 −m2ρ
u¯p ε
ν
ρ
(
gρNN1 γν + i
gρNN2
2mN
σνλq
λ
)
vp¯
+ 〈ω|(d¯b)|B0〉 i
q2 −m2ω
u¯p ε
ν
ω
(
gωNN1 γν + i
gωNN2
2mN
σνλq
λ
)
vp¯
+ 〈a01|(d¯b)|B0〉
i
q2 −m2a1
ga1NN1 u¯p ε/a1γ5vp¯
}
, (18)
where q = pB − pD = pp + pp¯. For simplicity, we have concentrated on the low-lying poles
and neglected those contributions from the higher axial vector meson states such as f1(1285)
and f1(1420). As we shall see, the vector and tensor coupling constants g
ρNN
1 and g
ρNN
2
are related to the vector form factors fnp1 and f
np
2 respectively, while g
a1NN
1 and gpiNN are
connected to the axial-vector form factors gnp1 and g
np
3 respectively.
After some manipulation we obtain
A(B
0 → D0pp¯)M = −GF√
2
V ∗udVcb fDa2
{[ 1√
2
(m2B −m2pi)FBpi0 (m2D)
gpiNN
q2 −m2pi
+ (m2B −m2η)FBη0 (m2D)
gηNN
q2 −m2η
+ (m2B −m2η′)FBη
′
0 (m
2
D)
gη′NN
q2 −m2η′
]
u¯pγ5vp¯
+
√
2mρ
q2 −m2ρ
ABρ0 (m
2
D)u¯p
[
− (gρNN1 + gρNN2 )p/B +
gρNN2
2mN
(pp − pp¯) · pB
]
vp¯
+
2mω
q2 −m2ω
ABω0 (m
2
D)u¯p
[
− (gωNN1 + gωNN2 )p/B +
gωNN2
2mN
(pp − pp¯) · pB
]
vp¯
+
√
2ma1
q2 −m2a1
V Ba10 (m
2
D)g
a1NN
1 u¯p
[
− p/B + pB · q q/
m2a1
]
γ5vp¯
}
, (19)
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where we have applied the relations u¯pq/vp¯ = 0, (pp − pp¯) · q = 0 and employed the form
factors defined by
〈a−1 (pa1)|(u¯b)V−A|B0(pB)〉 =
2i
mB +ma1
ǫµναβε
∗νpαa1p
β
BA
Ba1(q2)
−
{
(mB +ma1)ε
∗
µV
Ba1
1 (q
2)− ε
∗ · pB
mB +ma1
(pB + pa1)µV
Bρ
2 (q
2)
− 2ma1
ε∗ · pB
q2
qµ
[
V Ba13 (q
2)− V Ba10 (q2)
] }
, (20)
with
V3(q
2) =
mB +mV
2mV
V1(q
2)− mB −mV
2mV
V2(q
2), (21)
and V3(0) = V0(0). Note that the pion in the form factor F
Bpi
0 is referred to the charged one,
so are the form factors ABρ0 and V
Ba1
0 .
Likewise, the meson pole contribution to B
0 → D∗0pp¯ reads
A(B
0 → D∗0pp¯)M = GF√
2
V ∗udVcb a2 fD∗mD∗
{[√
2FBpi1 (m
2
D∗)
gpiNN
q2 −m2pi
+ 2FBη1 (m
2
D∗)
gηNN
q2 −m2η
+ 2FBη
′
1 (m
2
D∗)
gη′NN
q2 −m2η′
]
(ε∗D∗ · pB)u¯pγ5vp¯
+ 〈ρ0|d¯ ε/∗D∗(1− γ5)b|B0〉
1
q2 −m2ρ
u¯p ε
µ
ρ(g
ρNN
1 γµ + i
gρNN2
2mN
σµνq
ν)vp¯
+ 〈ω|d¯ ε/∗D∗(1− γ5)b|B0〉
1
q2 −m2ω
u¯p ε
µ
ω(g
ωNN
1 γµ + i
gωNN2
2mN
σµνq
ν)vp¯
+ 〈a01|d¯ ε/∗D∗(1− γ5)b|B0〉
1
q2 −m2a1
u¯p(g
a1NN
1 ε/a1γ5)vp¯
}
. (22)
B. Baryon pole contributions
In addition to the aforementioned meson pole contributions, there also exist baryon pole
diagrams, namely, the strong process B
0 → Σ+(∗)b p¯ followed by the weak decay Σ+(∗)b → D0p.
Due to the large theoretical uncertainties with the 1
2
−
state Σ+∗b , we will focus on the
1
2
+
intermediate state and its amplitude is given by
A(B
0 → D0pp¯)B = GF√
2
V ∗udVcbfD a2 gΣ+
b
→Bp¯
1
(pp + pD)2 −m2Σb
× u¯p
{
f
Σ+
b
p
1 (m
2
D)[2pD · pp + p/D(mΣb −mp)]γ5
+ g
Σ+
b
p
1 (m
2
D)[2pD · pp − p/D(mΣb +mp)]
}
vp¯, (23)
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where we have applied the factorization approximation to the weak decay Σ+b → D0p. Sim-
ilarly, for B
0 → D∗0pp¯ we have
A(B
0 → D∗0pp¯)B = GF√
2
VcbV
∗
udfD∗mD∗ a2 gΣ+
b
→Bp¯
1
(pp + pD∗)2 −m2Σb
× u¯p ε∗µ
{
f
Σ+
b
p
1 (m
2
D∗)[2ppµ + (mΣb −mp)γµ + γµp/D]γ5
+ g
Σ+
b
p
1 (m
2
D∗)[2ppµ − (mΣb +mp)γµ + γµp/D]
}
vp¯, (24)
where ε∗µ is the polarization vector of the D
∗.
The baryon pole contribution is expected to be suppressed relative to the meson pole due
to the smallness of the strong coupling of Σ+b → B0p¯ [9].
IV. CALCULATIONS AND RESULTS
To proceed numerical calculations we first need to know the relevant form factors, decay
constants, strong couplings, and the parameters a1, a2, which will be discussed in more detail
below.
A. form factors and decay constants
For the mesonic form factors of B → P and B → V transitions we use the Melikhov-Stech
(MS) model based on the constituent quark picture [15] and the Neubert-Rieckert-Stech-Xu
(NRSX) model [16] which takes the Bauer-Stech-Wirbel (BSW) model [10] results for the
form factors at zero momentum transfer but makes a different ansatz for their q2 dependence,
namely, a dipole behavior is assumed for the form factors F1, A0, A2, V , motivated by heavy
quark symmetry, and a monopole dependence for F0, A1.
For B → a1 form factors, there are two existing calculations: one in a quark-meson
model [17] and the other based on the QCD sum rule [18]. The results are quite different,
for example, V Ba1(0) computed in the quark-meson model, 1.20 , is larger than the sum-rule
prediction, −0.23 ± 0.05 , by a factor of five. We shall see later that B0 → D0pp¯ is rather
sensitive to the form factor V Ba10 . It turns that in order to accommodate the measurement
of this decay, this form factor should be around 0.86 which is between the above-mentioned
model calculations. In the present paper we shall use the quark-meson model results for the
B → a1 form factors except that the value of V Ba10 (0) is replaced by 0.85 rather than 1.20 .
To compute the form factors for FBη0 and F
Bη′
0 , it is more natural to consider the flavor
basis of ηq and ηs defined by
ηq =
1√
2
(uu¯+ dd¯), ηs = ss¯. (25)
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The wave functions of the η and η′ are given by
(
η
η′
)
=
(
cosφ − sin φ
sin φ cosφ
)(
ηq
ηs
)
, (26)
where φ = θ + arctan
√
2, and θ is the η−η′ mixing angle in the octet-singlet basis. The
physical form factors then have the simple expressions:
FBη0,1 =
1√
2
cosφFBηuu¯0,1 , F
Bη′
0,1 =
1√
2
sinφF
Bη′uu¯
0,1 . (27)
Using FBηuu¯0 (0) = 0.307 and F
Bη′uu¯
0 (0) = 0.254 obtained from [10] and the mixing angle
φ = 39.3◦ (or θ = −15.4◦) [19] we find FBη0 (0) = 0.168 and FBη
′
0 (0) = 0.114 in the BSW
model and hence the NRSX model. For other form-factor models, we shall apply the relation
based on the isospin-quartet symmetry
FBηuu¯0,1 = F
Bη′uu¯
0,1 = F
Bpi
0,1 (28)
and Eq. (27) to obtain the physical B → η and B → η′ transition form factors. For the MS
model we obtain FBη0 (0) = 0.141 and F
Bη′
0 (0) = 0.115.
For the heavy-light baryonic form factors f
Σ+
b
p
1 and g
Σ+
b
p
i , we will follow [20] to apply
the nonrelativistic quark model to evaluate the weak current-induced baryon form factors
at zero recoil in the rest frame of the heavy parent baryon, where the quark model is most
trustworthy. Following [21] we have
f
Σ+
b
p
1 (q
2
m) = 1.703, g
Σ+
b
p
1 (q
2
m) = −0.166 (29)
at zero recoil q2m = (mΣb−mp)2. Since the calculation for the q2 dependence of form factors is
beyond the scope of the non-relativistic quark model, we will follow the conventional practice
to assume a pole dominance for the form-factor q2 behavior:
f(q2) = f(q2m)
(
1− q2m/m2V
1− q2/m2V
)n
, g(q2) = g(q2m)
(
1− q2m/m2A
1− q2/m2A
)n
, (30)
where mV (mA) is the pole mass of the vector (axial-vector) meson with the same quantum
number as the current under consideration.
For the decay constants we use fD = 200 MeV, fD∗ = 230 MeV and fa1 = 205 MeV.
B. strong couplings
In order to compute the decay rate for B
0 → D(∗)0pp¯ we also need to know the strong
couplings gpiNN , g
ρNN
1 , g
ρNN
2 and g
a1NN
1 and their q
2 dependence. To do this, let us con-
sider the pole contributions to B
0 → D(∗)+np¯. In the pole model description, the relevant
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intermediate states are π−, ρ− and a−1 (1260) as shown in Fig. 1(b). The matrix element
〈np¯|(V − A)µ|0〉 then reads
〈np¯|(V − A)µ|0〉pole = u¯n
{√
2fρmρ
q2 −m2ρ
[
gρNN1 γµ + i
gρNN2
2mN
σµνq
ν
]
−
√
2fa1ma1
q2 −m2a1
ga1NN1 γµγ5 −
√
2fpigpiNN
q2 −m2pi
qµγ5
}
vp¯. (31)
Comparing this with Eq. (6) we see that the ρ− meson is responsible for the vector form
factors f1 and f2, a
−
1 (1260) for g1 and g2, and π
− for the induced pseudoscalar form factor
g3. More precisely,
gρNN1 (q
2) =
q2 −m2ρ√
2fρmρ
fnp1 (q
2), gρNN2 (q
2) =
q2 −m2ρ√
2fρmρ
fnp2 (q
2),
ga1NN1 (q
2) =
q2 −m2a1√
2fa1ma1
gnp1 (q
2), gpiNN(q
2) =
(q2 −m2pi)
2
√
2fpimN
gnp3 (q
2). (32)
As for the vector and tensor couplings of the ω meson, a priori they are not necessarily related
to those of the ρmeson. For simplicity we shall assume that gωNN1,2 (q
2) = gρNN1,2 (q
2)/
√
2, noting
that the ρ meson here is referred to the charged one.
As for the strong η and η′ couplings with nucleons, we shall apply the 3P0 quark-pair
creation model [22,23] to estimate its strength relative to the pion. This model in which the
qq¯ pair is created from the vacuum with vacuum quantum numbers 3P0 implies
gηpp¯
gpipp¯
=
〈Φp↑(124)Φη(35)|Φp↑(123)Φvac(45)〉
〈Φp↑(124)Φpi0(35)|Φp↑(123)Φvac(45)〉
, (33)
where the Φ’s are the spin-flavor wave functions and the vacuum wave function has the
expression
Φvac =
1√
3
(uu¯+ dd¯+ ss¯)⊗ 1√
2
(↑↓ + ↓↑). (34)
Using the proton wave function
p↑ =
1√
3
[duuχs + (12) + (13)], (35)
with abcχs = (2a
↓b↑c↑ − a↑b↑c↓ − a↑b↓c↑)/√6, the π0 meson wave function
Φpi0 =
1√
2
(uu¯− dd¯)⊗ 1√
2
(↑↓ − ↓↑), (36)
and the η and η′ flavor wave functions given by Eq. (26), we obtain
gηNN
gpiNN
=
3
5
cosφ,
gη′NN
gpiNN
=
3
5
sin φ. (37)
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Strictly speaking, the above relations hold only at low energies. But we shall assume their
validity at arbitrary q2.
As for the strong coupling g
Σ+
b
→B
0
p
, we use the experimental result for B− → Λcp¯π− to
fix the absolute coupling strength of g
Λ+
b
→B
0
p
which is in turn related to g
Σ+
b
→B
0
p
via the 3P0
quark-pair-creation model [7]. It is found that |g
Σ+
b
→B
0
p
| ∼ 5.
C. a1 and a2
In the naive factorization approach, the parameters a1 and a2 are given by a1,2 = c2,1 +
c1,2/Nc, but this does not include nonfactorizable effects which are especially important for a2.
Phenomenologically, one can treat a1,2 as free parameters and extract them from experiment.
The experimental measurement of B → J/ψK leads to |a2(J/ψK)| = 0.26± 0.02 [24]. This
seems to be also supported by the study of B → Dπ decays: Assuming no relative phase
between a1 and a2, the result a2 ∼ O(0.20 − 0.30) [24,25] is inferred from the data of
B
0 → D(∗)+π− and B− → D(∗)0π−. However, the above value of a2 leads to too small decay
rates for B
0 → D(∗)0π0 when compared to recent measurements by Belle and CLEO [26].
In order to account for the observation, one needs a larger a2(Dπ) with a non-trivial phase
relative to a1 [27–29].
Using the measurements of CLEO and Belle for B
0 → D(∗)0π0 [26], the magnitudes of
a1 and a2 and their relative phase are extracted in [28], as exhibited in Table I. We will use
the values of a1,2(Dπ) to compute the decay rate for B
0 → D+np¯,D0pp¯ and a1,2(D∗π) for
B
0 → D∗+np¯,D∗0pp¯.
TABLE I. Extraction of the parameters a1 and a2 from the measured B → D(∗)pi rates by as-
suming a negligible W -exchange contribution. Note that a2(Dpi) and a2(D
∗pi) should be multiplied
by a factor of (200 MeV/fD) and (230 MeV/fD∗), respectively. This table is taken from [28].
Model |a1(Dpi)| |a2(Dpi)| a2(Dpi)/a1(Dpi) |a1(D∗pi)| |a2(D∗pi)| a2(D∗pi)/a1(D∗pi)
NRSX 0.85± 0.06 0.40± 0.05 (0.47 ± 0.05) exp(i59◦) 0.94± 0.04 0.31± 0.04 (0.33± 0.04) exp(i63◦)
MS 0.88± 0.06 0.47± 0.06 (0.53 ± 0.06) exp(i59◦) 0.85± 0.03 0.39± 0.05 (0.46± 0.06) exp(i63◦)
D. Results
In principle, the unknown parameter d2 appearing in the form factor g
np
1 (q
2) [cf. Eq.
(15)] can be fitted to the measured central value of the branching ratio for B
0 → D∗+np¯ as
it is theoretically much more clean. However, we find that the decay rate of B
0 → D0pp¯
is dominated by the axial-vector meson poles and hence it is rather sensitive to gnp1 (t) and
hence d2. Therefore, we instead fix it by fitting to the measured central value of B(B0 →
12
D0pp¯) = 1.18× 10−4. We obtain d2 = −2070GeV6 and −2370GeV6, respectively, in NRSX
and MS form-factor models.
The total decay rate for the process B(pB)→ N(p1)+N(p2)+D(p3) is computed by the
formula
Γ =
1
(2π)3
1
32m3B
∫
|A|2dm212dm223, (38)
where m2ij = (pi+ pj)
2 with p3 = pD. To compute the branching ratios, we use the B meson
lifetimes quoted in [30].
TABLE II. Branching ratios (in units of 10−4) for charmful decays B
0 → D(∗)+np¯ and
B
0 → D(∗)0pp¯ calculated in the MS and NRSX form-factor models. The first (second) number
in parentheses is the branching ratio due to the vector (axial-vector and pseudoscalar) current or
intermediate vector (axial-vector) meson contributions.
Decay MS NRSX Expt. [1,3]
B
0 → D+np¯ 3.17 (3.04, 0.12) 3.64 (3.47, 0.16)
B
0 → D∗+np¯ 10.0 (9.54, 0.49) 11.0 (10.2, 0.76) 14.5+3.4−3.0 ± 2.7
B
0 → D0pp¯ 1.18 (0.15, 1.03) 1.17 (0.11, 1.06) 1.18 ± 0.15± 0.16
B
0 → D∗0pp¯ 1.58 (1.42, 0.17) 1.23 (1.12, 0.11) 1.20+0.33−0.29 ± 0.21
The results are shown in Table II. As stated before, we fit the unknown parameter d2 to
the measured branching ratio of B
0 → D0pp¯ and then in turn predict other neutral baryonic
B modes. The baryon pole contributions to D(∗)0pp¯ are found to be at most of order of 10−6
and hence they are negligible. It is clear from Table II that the predicted rates are consistent
with experiment. We see that B
0 → D(D∗)NN are dominated by the vector current or by
vector meson intermediate states,∗ whereas B
0 → D0pp¯ is dominated by the axial-vector
intermediate state a1(1260). Note that the ratio D
∗+/D+ is of order 3, while D∗0/D0 is close
to unity.
In Fig. 3 we show the np¯ invariant mass distributions dB/dmnp¯ of B0 → D∗+np¯ and
B
0 → D+np¯, where mnp¯ is the invariant mass of the nucleon pair. Evidently, the spectrum
peaks at mpp¯ ∼ 2.1GeV, indicating a threshold enhancement for baryon production, that
∗As far as the axial vector contribution to the branching ratio is concerned, our result for B
0 →
D∗+np¯ is quite different from that given in [14], though the value of d2 is similar. For example,
BA ∼ 12.7 × 10−4 is obtained in [14], whereas it is only 0.6 × 10−4 in our case. If gnp1 is identified
with the asymptotic form 53G
p
M + G
n
M in the whole time-like region [cf. Eq.(14)], BA in our case
will be of order only 8× 10−6, while it can be as large as 1× 10−4 in [14].
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FIG. 3. The np¯ invariant mass distribution dB/dmnp¯ of (a) B0 → D∗+np¯ and (b) B0 → D+np¯.
is, a recoil charmed meson is accompanied by a nucleon pair with low invariant mass. This
effect is due to the suppression of the baryonic form factors at large t. Physically, this can
be visualized that the quark and anti-quark forming a nucleon pair are moving collinearly
and energetically, so that the invariant mass mpp¯ tends to be small and near threshold.
Also shown in Fig. 4 are the pp¯ invariant mass distributions of B
0 → D∗0pp¯ and B0 →
D0pp¯ calculated in the MS model. It is clear that the spectrum of D∗0pp¯ is similar to that of
D(∗)+np¯. As for the differential rate of D0pp¯, it has a hump around mpp¯ ∼ 3.0 GeV, which
is caused by the mass term qµqν/m2a1 in the propagator of the a1 meson.
† We see that the
predicted spectrum is consistent with experiment.
V. CONCLUSIONS
We have studied the charmful three-body baryonic B decays B → D(∗)NN : the color-
allowed modes B
0 → D(∗)+np¯ and the color-suppressed ones B0 → D(∗)0pp¯. While the
D∗+/D+ production ratio is predicted to be of order 3, it is found that D0pp¯ has a similar
rate as D∗0pp¯. It is pointed out that B
0 → D(D∗)NN are dominated by the nucleon vector
current or by vector meson intermediate states, whereas B
0 → D0pp¯ proceeds predominately
via the axial-vector intermediate state a1(1260). The study of the NN¯ invariant mass dis-
tribution in general indicates a threshold baryon pair production, that is, a recoil charmed
meson accompanied by a low mass baryon pair except that the spectrum of D0pp¯ has a hump
at large pp¯ invariant mass mpp¯ ∼ 3.0 GeV. The presence of a hump in the D0pp¯ spectrum
†The B
0 → D0pp¯ spectrum is somewhat sensitive to the model for form factors. In the NRSX
model, the peak appearing at low pp¯ invariant mass ∼ 2 GeV is lower than the hump at mpp¯ ∼ 3
GeV. This is inconsistent with experiment [see the data shown Fig. 4(b)].
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FIG. 4. The pp¯ invariant mass distribution dB/dmpp¯ of (a) B0 → D∗0pp¯ and (b) B0 → D0pp¯.
The experimental data for the spectrum of B
0 → D0pp¯ are taken from [3].
can be tested by the improved experiment in the future.
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